This study evaluated the antigenicity of LH-ovalbumin complexes produced using different conjugation techniques. Two homobifunctional cross-linkers, glutaraldehyde (Glut) and carbodiimide (ECDI), were evaluated together with one heterobifunctional reagent, m-maleimido-benzoyl N-hydroxysuccinimide ester (MBS). Polyacrylamide gel electrophoresis and Westem transfer techniques were used to confirm conjugation of LH. Forty-four beef heifers were assigned randomly to seven treatment groups. Two groups of heifers were immunized against glutaraldehyde conjugates (Glut-I and Glut-KC), two against MBS conjugates (MBS-I and MBS-II) and one against a carbodiimide conjugate (ECDI).
Introduction
Immunization against gonadotropic hormones can alter reproductive function in mammals. Active immunization against LH resulted in a castrationlike response in boars (Falvo et al., 1986) and in rams and bulls (Schanbacher, 1985) . Immunization against LH caused cows (DeSilva et al., 1986) and heifers (Johnson et al., 1988) to become anestrous. Many variables affect the ability of LH-ovalbumin conjugates to stimulate LH antibody production. Efficacy of various car-rier molecules and adjuvants on LH immunization in cattle has been tested (Roberts et al., 1990 ). An additional variable influencing LH antigenicity is the method of linking LH to a carrier protein. Because the functional endgroups of glutaraldehyde are identical, this reagent is not selective in its cross-linking action (Kom et al., 1972) . Reacted with LH and ovalbumin, glutaraldehyde may link LH to LH, ovalbumin to ovalbumin, or LH to ovalbumin. Carbodiimide (cyanamide) promotes formation of peptide bonds between protein molecules (Goodfriend et al., 1964) . Such conjugates are most likely a heterogeneous mixture of LH and ovalbumin polymers. In contrast, protein-linking reagents that possess two different functional groups allow greater control over composition of conjugates. One such compound is m-maleimidobenzoyl-N-hydroxy-succinimide ester (MBS). The objective of this study was to compare the antigenicity of LH conjugated to ovalbumin in the presence of glutaraldehyde, carbodiimide or MBS. 
Materials and Methods
Animals and Treatments. Forty-four crossbred beef heifers (380 kg) were assigned randomly to be injected with one of five LHovalbumin conjugates, LH alone or ovalbumin5 alone flable 1). The LH-ovalbumin conju ates were made using either glutaraldeor m-maleimidobenzoyl-N-hy droxy -succinimide ester (MBS-I, MBS-11). One milligram of LH-ovalbumin, LH or ovalbumin per 2 ml of adjuvant was used per injection. The adjuvant consisted of a 37:63 water-in-oil emulsion using Quillaja saponin (1 mg/ml) as the immunostimulant. Each animal received a single primary S.C. injection on wk 0, followed by booster injections on wk 3 and 6. Jugular venous samples were obtained on wk 0, 3, 6, 9, and 12. After clotting overnight at 4°C blood was centrifuged and serum was collected and stored at -2O' C.
Conjugation Methodr. Concentrations of LH, ovalbumin and linking reagent used in each conjugation method are listed in Table 1 . Structures of the reagents are shown in Figure  1 .
Antigen. The LH preparation used in all conjugation techniques was isolated from bovine pituitary glands using a method modified fkorn Licht et al. (1977) . A crude bovine pituitary fraction of LH, (.l x NIH-LH-S1 
MO.
on a SP-Sephadex-CSO column (2 x 61 cm) equilibrated with a .03 M NH4HCO3 buffer. The LH extract was dialyzed against distilled water and lyophilized. The final potency of the LH preparation was 1.0 x NM-LH-S1 units.
Glutaraldehyde. Two conjugates (Glut-I and Glut-II) were made using glutaraldehyde ( Figure 1A ) by a procedure modified from Reichlin (1980) . In the Glut-I reaction, 20 mg of LH and 20 mg of ovalbumin were solubilized in 2 ml of .1 M phosphate-buffered saline (PBS), pH = 7.0. To the stirred LH and ovalbumin mixture, 920 pl of a 2.8% glutaraldehyde solution (26 mg glutaraldehyde) was added, dropwise. The molar ratio of glutaraldehyde to protein was 240:l. After an overnight reaction at room temperature, the conjugate was dialyzed against .005 M PBS for 24 h at 4'C and lyophilized. To determine whether a lower g1utaraldehyde:protein ratio was adequate to make an antigenic conjugate, the Glut-II reaction used a g1utaraldehyde:protein ratio of 4o:l.
ECDI. Carbodiimides have been used frequently to link small haptens to larger carrier molecules (Esbenshade and Britt, 1985; Chase et al., 1983) ; they also were effective in linking two larger proteins (Schanbacher, 1985) . The carbodiimide used was l-ethyl-3-(3-dimethyl amino)propylcarMmide hydrochloride (ECDI) shown in Figure 1B .
Twenty milligrams of LH and 20 mg of ovalbumin were dissolved in 2 ml of distilled water. Added to this mixture was 56 mg of ECDI ( Figure 1B ) solubilized in 5 ml of water. The molar ratio of ECDI to LH and ovalbumin was 2601. This reaction was allowed to proceed overnight at room temperature. The ECDI H?-1 (B)
. . . . . . Liu et al. (1979) were used to produce the MBS conjugates. MBS was reacted initially with LH, allowing the succinimide ester group of MBS to link with available amino groups on the LH molecule ( Figure 1C ). The thiuireactive maleimido group on the LH-MBS complex then was allowed to react with the free sulfhydryl groups on the ovalbumin. Due to the order in which the proteins were reacted with MBS, amino groups on LH and sulfhydryl groups on ovalbumin were preferentially used to link the two proteins in the MBS-I method. In the MBS-II method, the proteins were reacted in reverse order, i.e., MBS was reacted with ovalbumin first, and with LH second.
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MBS. Procedures modified from
In making the MBS-I conjugate, 22 mg of LH were dissolved in 2 ml of .01 M PBS (pH = 7.0). MBS (3.5 mg) was dissolved in 120 pl of dimethylformamide. While stirring the solubilized LH, 80 p1 of the MBS solution (2.3 mg MBS) was added. The molar ratio of MBS to LH was 1O:l. The reaction was stirred at room temperature for 30 min. The MBS-LH solution was placed on a Sephadex G-25 column (.9 x 40 cm) equilibrated with .1 M PBS (pH = 6.0) to separate free MBS from the MBS-LH complex. Protein fractions that absorbed at 280 nm were pooled. In order to increase the number of free sulfhydryl groups available on ovalbumin, 18 mg of ovalbumin in 2 ml of .01 M PBS (pH = 7.0) was reduced with 1.1 m l of 1 M dithiothreitol (DTT). This reaction pmeeded for 30 min at room temperature. The reduced ovalbumin mixture was placed on a Sephadex G-25 column (.9 x 40 cm) to separate DTT from protein. Fractions absorbing at 280 nm were pooled. The MBS-LH solution was mixed with the reduced ovalbumin for 2 h at room temperature. The ovalbumin-MBS-LH conjugate was dialyzed and lyophilized as described for previous conjugates. The molar ratio of MBS to protein and reaction conditions for the MBS-II conjugate were identical to the MBS-I procedure, except that MBS was reacted first with ovalbumin and second with DTT-reduced LH.
Control Groups. The LH-only preparation consisted of 1 mg of unconjugated LH per 2 ml adjuvant. For the Oval group, unconjugated ovalbumin (1 mg/2 ml adjuvant) was used alone. This procedure has been reported previously (Johnson et al., 1988) . Serum samples collected on wk 0, 3, 6, 9 and 12 were analyzed for LH binding. All samples were analyzed in a single assay.
Polyacrylamide Gel Electrophoresis and Western Blotting. To confirm that LH was conjugated using the different conjugation techniques, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to determine the approximate molecular weight of complexes in each conjugate. Slab gels, containing 10% acrylamide, were used to separate the conjugated complexes. Lanes were loaded with 25 pg of conjugate, LH alone, ovalbumin or bovine serum albumin @SA) Ovalbumin and BSA were used as controls for the specificity of the anti-LH antibody used in the Western blotting analysis. The Glut-I conjugate was not available at the time of the electrophoretic analysis and therefore is not included in these results. Proteins separated in the gel were transferred to a nitrocellulose filter as described by Bumette (1981) . Nonspe- cific sites were blocked by incubating the filter with dried milk (5%) in 10 mM PBS containing 15 mM NaCl for 1 h at 25°C. A 1: 100 dilution of rabbit anti-bovine LH (Golter et al., 1973) in PBS was added to the filter for 3 h at 2532. Unbound antibody was washed from the filter with distilled water. Biotinylated goat anti-rabbit immunoglobulin7 was incubated with the filter for 2 h in PBS containing .05% Tween-20. The filter then was incubated with an avidin-horseradish peroxidase complex (ABC kit)7 and then reacted with diaminobenzidine tetrachloride (.l%) in .1 M Tris buffer (pH 7.2) and a .03% hydrogen peroxide solution to visualize the protein bands containing LH. Statistical Analysis. Mean LH binding for wk 3 , 6 , 9 and 12 was analyzed using analysis of variance with repeated measures (Gill and Hafs, 1971 
Results
Mean LH binding in the serum due to antibodies generated by the conjugates over wk 0 through 12 is shown in Figure 2 . Statistical differences between these means are listed in Table 2 . By wk 3, Glut-11, Glut-I, ECDI and MBS-I had generated greater LH binding than MBS-II, LH-only or Oval. At wk 6, LH binding for Glut-IT, Glut-I, ECDI and 7~e c t~r LAB-, Burlingame, CA MBS-I was at its highest level for the experiment; binding declined by wk 9. At wk 12, Glut-II. Glut-I, ECDI and MBS-I all were greater than Oval, but all groups had 4 0 % binding of LH at this time. Mean LH binding over all weeks also is shown in Table 2 . When averaged over all 12 wk, LH binding generated by Glut-11 was not different than by Glut-& binding for ECDI and MBS-I were greater than for MBS-11, LH-only and Oval.
Polyacrylamide gel electrophoresis analysis (Figure 3) provided insight into the size of the complexes made by each conjugation technique. Glutaraldehyde, as expected, polymerized LH and ovalbumin into large polymers; staining for LH in this lane occurred only at the very top of the gel. The complexes at the very top of the gel had approximate molecular weights greater than 300,000 daltons. No other staining for LH was seen for this conjugate, indicating that very little LH in this preparation was unconjugated The LH-ovalbumin conjugate made with ECDI shows a heterogeneous mixture of LH polymers ranging in size from 300,000 daltons to 30,000 daltons, the smallest of which corresponds to nonconjugated LH. Darker bands appeared in this lane at approximately 230,000, 11 0, OOO and 70,000 daltons, indicating that ECDI incorporated LH into smaller complexes than did glutaraldehyde. LH staining at the bottom of the lane at the 14,000 dalton marker indicates that free subunits of LH were present. Bands seen for the MBS-I conjugate were similar to those with ECDI, although the staining was not as intense. MBS-I also incorporated most of the LH into polymers >300,000 daltons, although fainter bands appeared at approximately 230,000, 110,OOO and 70,000 daltons, similar to those in the ECDI lane. Again, some nonconjugated LH subunits can be seen at 14,000 daltons. In contrast to MBS-I, the MBS-II conjugate showed only staining of LH at the bottom of the gel, comepnding to unconjugated LH subunits. It appears that no conjugation of LH occurred using the MBS-II method. The LH-only lane shows one band staining for LH at the 14,000 dalton marker, as would be expected for unconjugated LH subunits. No staining of LH occurred in the ovalbumin or BSA lanes.
97-
Those conjugates containing highly polymerized LH (Glut-I, ECDI and MBS-I) were the conjugates that stimulated significant LH binding in the heifers. MESS-II, which did not effectively conjugate LH, was similar in antigenicity to LH alone.
Discussion
The conjugate with the greatest LH antige nicity was made with glutaraldehyde. In both Glut-I and Glut-11 reactions, there may have been excess of glutaraldehyde relative to the available functional groups on the protein. Kom et al. (1972) reported that four molecules of glutaraldehyde react with one mole of lysine. LH and ovalbumin contain 12 and 20 lysine residues per molecule, respectively, and not all are accessible for chemical reactions (Marshall and Neuberger, 1972; Licht et al., 1977) . Therefore, even in the Glut-II reaction, there was sufficient crosslinking chemical to polymerize LH and ovalbumin. The SDS-PAGE analysis demonstrated that glutaraldehyde polymerized most of the LH into large complexes. Although only Glut-11 was analyzed, there was no difference in the antibody response generated by the Glut conjugates. Therefore, polymers in the Glut-I conjugate probably were similar in size to the Glut-II polymers. This high degree of polymerization of LH and ovalbumin resulted in the most antigenic complex. These data agree with reports that polymerization of proteins and peptides increased their immunogenicity (Dresser, 1961;  Reichlin et al., 1970) .
Carbodiimide reagents, such as ECDI, also produce heterogeneous protein conjugates, although its mechanism of action differs from that of glutaraldehyde. The ECDI molecule itself is not incorporated into the conjugate, but it generates conditions enabling peptide bonds to form between available amino and carboxyl groups (Goodfriend et al., 1964) . This may explain why the resulting LH complexes made with ECDI had a smaller molecular weight than that found in the Glut-11 conjugate. The difference between the LH binding generated by the two MBS conjugates is not clear.
MBS-I was made by first combining LH to MBS. The most likely reaction to occur is between the succinimide ester of MBS and amino groups on the protein (Kitagawa and Aikawa, 1976) , resulting in a MBS-LH mixture. The maleimido group on the MBS molecule then could react with free sulfhydryl groups. The D'IT-reduced ovalbumin then can be added to produce the Oval-MBS-LH conjugate. The LH binding activity generated by the MBS-I conjugate was the same as that produced by the ECDI and Glut-I conjugates. Electrophoretic analysis showed that large polymers were created with MBS, but the resulting antigenicity was not as effective as Glut-II. The MBS-11 conjugate was made by first reacting ovalbumin to DTI'-reduced LH. One possible explanation of its lower antigenicity may be the use of DlT on LH in the MBS-11 reaction. In the MBS-I reaction, LH was conjugated in its native form. In the MBS-II reaction, however, MBS-Oval was reacted with LH that had been reduced by DlT.
Probably DlT altered the tertiary structure of the LH molecule by destroying natural epitopes. Conformation, as well as primary sequence, are both constituents of protein epitopes (Puett et al., 1982; Geysen et al., 1985) . Therefore, antibodies produced against reduced LH may not recognize the native molecule and not bind [1251JLH in the assay system.
The LH-only treatment served as a control for using ovalbumin as a carrier. Electrophoretic analysis of the LH-only preparation showed only unconjugated LH staining only at 14,000 daltons. This molecular weight is similar to the size of the subunits of LH (Licht et al., 1977) . Thus, LH by itself was not antigenic in heifers.
In reactions involving glutaraldehyde and ECDI, both LH and ovalbumin must be solubilized when the reagent is added to the mixture. Therefore, there is no control over the composition of the final product. MBS allows for attachment to one protein at a time and may be better suited for obtaining repeatable conjugates (Lee et al., 1980) . However, MBS conjugates did not prove to be as antigenic as the glutaraldehyde conjugates in our experiment.
Conjugation technique altered the effectiveness of the LHavalbumin conjugates; glutaraldehyde produced the conjugate with the highest antigenicity. However, the level of LH binding produced in the present study was less than reported previously (Johnson et al., 1988) using similar conjugation techniques (Glut-I). In the former study, the values for percentage of binding averaged 50%. compared with d O % in the present study. Possibly this difference is due to purity of the LH used as antigen. The LH preparation used in the present study was less potent than the preparation used in the Johnson et al. (1988) experiment, but more potent than that used in our previous study (Roberts et al., 1990) which reported much lower antibody binding. Variation in antigenicity due to LH potency is addressed in a subsequent paper (Grieger et al., 1990) . lmpllcatlons Conjugation technique and choice of reagent has an effect on immune response of cattle. To attain the greatest antibody response, one should incorporate the immunogen into complexes of large molecular weight. The most effective LH-ovalbumin conjugates were made with glutaraldehyde. Its high degree of polymerization enhanced the ability of the conjugate to stimulate LH antibody production in heifers. One of the conjugates ma& with M B S and E€DI also generated significant LH binding in the serum. The greater ability of glutaraldehyde to polymerize LH and ovalbumin probably contributes to its high immunogenicity.
